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]. 0 INTRODUCTION

The results of METROPHYSICS, Inc.'s effort during Phase B

of contract NAS 8-20515 are presented in uhis report. The objec-

tive of this effort was the design of a new adaptor for checkout

transducers in preparation for the fabrication of a prototype

model. The main features of the adaptor are:

I ) It incorporates A/D conversion. It accepts a standard

2)

0 to 5 V and converts it into a I0 bit binary number.

It provides limit storage and comparison. The measur-

and is continuously compared to limits of amplitude

and rate of change, and whenever one of these limits

is exceeded, a signal is produced indicating this event.

3) It permits random addressing. The adaptor, and there-

fore the channel in which it is used can be addressed

in any desired sequence, or left silent.

4) It requires minimum cabling. A system employing one

adaptor on each of its transducers requires only two

input and one output lines, or wires, besides ground

and power lines, for system interconnections.

5) !t allows the stored limits tO be changed at any time.

The limits stored in the adaptor can be changed either

remotely by programming the controlling unit, or locally

by a special device.

The design uses integrated circuits throughout and is based

on available MOS field effect transistor integrated circuit modules
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It is this type of integrated clrcuit which makes it possible to

obtain an adaptor module compatible with the size of the average

signal conditioners.

It is proposed to build an experimental system of 6 adap-

tors to demonstrate the feasibility of the concept of an adaptor

for checkout transducers in real operation. Auxiliary equipment

needed to this end is also described in this report.



2.0 BA_GROUND

Modern te_ology _de it possible to use pulse c_e mod-

ulation telemetry wi_h subsequent dlgital data handling exten-

sively and to treat advantase. The advantages offered by digital

data processing are most fully realized when the desired infor-

matlon is converted to digital form as closely to its origln as

possible. Ideally, in _he information source itself. In isolated

cases (on-off signal) this ideal is realized, but most information

sources with which we are concerned here are analo8 in nature.

To improve the situation - at least in telemetry- the idea

of developing a so-called dlgltal transducer appeared.

At the same time the demand for more information increased,

leading to more complex telemetry systems with many information

carrying channels. It became apparent that much of the data thus

acquired was actually redundant and could have been discarded with-

out loss of pertinent information. This brought about various

methods of reducing the data to be gathered or handled known as

"data compression".

One way of achieving data compression is to restrict the

range within which a data source is allowed to transmit informa-

tion.

In the case of a transducer, for instance, one could store

limits of amplitude and rate of change directly at the transducer

and inhibit its output as long as none of these limits has been

exceeded by the measurand.
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It follows rltat a transducer featurin5 boC_.Oigital output

and data compression by li_it storage, would be a hlghly desirable

item.

Atte,nptln8 _o uncover a transducer design which would saris-

fy _he above requirements, a survey of digltal transducers was

undertaken by HP/I. Only one concept was found that holds promise

for developlr_ a future family of digital transducers. Even in

this case limit storage could Mot be accomplished easily.

With _he above results in mind, an alternate solution -

originally suggested by MP/X in its unsolicited proposal - was

adopted: the digital adaptor with limit storage for transducers.

The disital adaptor falls short of the ideal but moves the

  .log to  ,-;:io'ely to the inform,lion source

as presently feasible. Even with the advent of an ideal digital

transducer, the usefulness of this concept will not be exhausted,

for the limit storage and comparison circuits in their microminia-

turized form are equally applicable whether the measurand is inher-

ently digital or converted to digital form from its orglnally

analo 5 form.
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3.0 DESIGN CONSIDERATIONS

In the following, it is attempted to present the llne of

reasoning which lead to a concept of an adaptor for transducers

which allows the use of standard analog transducers in multi-

channel digital data acquisition systems. A system using such

adaptors in connection with a control unit (computer), must offer

certain advantages over conventional system in order to justify

the hisher cost per channel. The features which will make a sys-

tem based on a digital adaptor superior to other systems are:

1) Information is provided by the adaptor in disital form.

2) Random addressing of each channel is possible.

3) Channels do not transmit information as long as they

are not addressed or the information they are carrying

is not pertinent.

4) Installation must be simple requirin_ a minimum of

cabl%n@.

5) The rate of data flow must be high enough to cope with

the vast amount of information presented to the system.

An adaptor suitable for such a system must be small, pro-

vide data compression and be easy to install. It is also highly

desirable that the concept on which it is based does not become

obsolete too fast.

Recent advances in integrated circuit technology made the

idea of a digital adaptor for transducers practical. The high

function density of modern integrated circuit modules, especially

of MOS field effect integrated circuits, make it possible to
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obtain a package small enough to be compatible with'modern tele-

meter packaging practices.

Such an adaptor must perform the following functions:

]) IE muse convert the measurand (output of a transducer)

into a binary number of 9 ¢o |0 bits (.2 to .1% res-

olution).

2) _t must be capable of storing amplitude and rate of

change limits imposed on the measurand.

3) It must be able to detect a condition in which the

measurand had exceeded any of the limits and to indi-

cate this event.

4) It muse present the measurand in digital form to the

control unit upon request (beln S "addressed")°

5) It must allow the limits to be changed without inter-

ferlng with its normal operation.

A concept of a dIEital adaptor which meets the above re-

quirements is expounded in the followin E.

A system which uses _he digital adaptor will require a

control unit. This control unit will most likely be an electronic

computer, progran_ed to accept information from the'adaptors and

to process it. In addition it will have to provide timln 8 signals

and Eo make decisions as ¢o which channels are to be processed.

It should be pointed out that the timing regulating A/D

conversion and limit monitoring could be done by each individual

adaptor. However, no advantage would be gained. Only the size

and cost of the adaptor would be increased s or some way of synch-
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chronization between control unit and adaptor would have to be

provided in either case.

The adaptor can be considered to be made up of two func-

tional pares: an A/D converEer and a special purpose computer.

Small A/D converters available today are based on Ehe method

of successive approximation and allow a choice between parallel

and serial readouE. Both_ the method of conversion and the type

of readout_ have a decisive influence of the design of the special

purpose computer.

First, the choice between parallel and serial readout has

to be mad_ Data can be handled faster in parallel than in serial

form at the expense of more complicated circuits. Parallel data

transfer from the adaptor to the control unit, requires a great

number of lines. Internal connection inside the adaptor are

quite numerous when the data presented by the A/D converter to the

special purpose computer is in parallel form t and the circuits,

which have to perform limit monitorlng, are bulky. The speed

advantage offered by parallel daEa processing is diminished when

the conversion speed of small A/D converters with adequate reso-

lutlon is considered. Comparing parallel to serial form makes it

apparent that serial form_wi_h its simplicity and'inherently high-

er rellability_ is the superior choice.

AccepEance of serial data processing for the adaptor

requires a decision as to the direction of data flow. Most A/D

converters use the method of successive approximation. Such a



converter produces the most significant bit first. At first

glance it seems necessary to reverse the data flow in order to

obtain the least significant bit first as required by the arlth-

metical operations necessary for llmit monitoring. A reverslble

shift register in the A/D conver_er or data transfer in parallel

form from the A/D converter to a buffer shift register, and then

shifting out the least significant bit first would accomplish

this. Both solutions lead to bulky circuits requiring numerous

Interconnectlons.

A close examination of the above problem offered an alter-

nate solution. A two step decision circuit was conceived which

allows comparln 8 the measurand to the limits with the most sIE-

nlflcant bit occurlng first. (The theory of this method of com-

parison is siren in the appendix). This circuit is a trifle more

complicated than one deslgned for the least significant bit occur-

rln8 first, but obviates reverslble shift reglster of buffer

can be operated on directlyregister. Data _rom the A/D converter

in its orlginal direction of flow.

In the above discussion I it was tacltly assumed that limit

monitorln 8 is performed in disltal form. It is easily concelv-

able to perform the camparlson of the messurand to the amplitude

limits in analog form but storaEe of the limits in analo8 form

without mechanical means is almost impossible, With rate of change

limits these difficulties are elhanced°

Limit storage can easily be accomplished in dlgltal form

with modern M0S FET integrated shift reglsters. Such resisters

......ii_
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are available with up to I00 places in one package. It was these

devices which led to the decision to use MOS FET integrated circuit

modules for the entire circuitry of the special purpose computer

in preference to bipolar types.

Even with the limits stored in digital form comparison

(monitoring) could still be carried out in analog form. The buffer

register of the A/D converter could be loaded with the binary equiv-

alent of a llmit thereby producing the equivalent analog value at

the output of the ladder network of the A/D converter. This out-

put would then be compared to the measurand. The output of the

comparator would indicate whether the limit had been exceeded.

The signal thus obtained could be used to signal an alarm to the

control unlt.

The above scheme works well with amplitude limits, but with

rate of change limits a more compllcated method is required.

The rate of change which is the time derived of the measur-

and M can be approximated by the change of the measurand wlthin a

known time interval divided by the length of the time interval.

dH = "_--_=F-2)" M(_]I = A--_
const.

dt t2 - tI At

This approximation can be obtained by taking the differ-

ence _f two samples of the measurand which have been taken a

known length of time apart. If the length of time is kept con-

stant for every pair of samples, then the difference is propor-

tlonal to the rate of change. This - or any similar - method
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requires a memory to retain the first sample and an arithmetical

circuit that produces the difference. It follows that nothln8 is

gained by analog limit comparison once the limits have been stored

in digital form; for the arithmetical operation to obtain the

difference requires circuits which are equally complex whether

comparison is carried out in analog form by t_e comparator of the

A/D converter or in digltal form after conversion. Moreover, an

advantage i8 gained by digital comparison because _he A/D convert-

er does not have Eo change its mode of operation periodically to

perform limit comparison thereby simplifying synchronization

Considerably.

The nelr poln_s to be discussed are intimately connected

with the choice of format of one channel word. One channel word

is the set of bits which allows the control unit to co-,m_nicate

with one adaptor. Adaptors (channels) from which a signal is

desired must be addressed, other channels must be interrogated

whether any of the limits has been exceeded or not. • Channels

where a change of limits is desired must receive the proper com-

mand and the time base for rate of change monltorlng must be pro-

vlded. Commands and addresses can be transmitted on one llne.

It is not possible _o send the values of the limits over the same

line because of their possible misinterpretation as addresses.

Two lines coJnon to all adaptors in the system will suffice to

keep commands and limits separate, one the address llne and one

the limit llne.
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The adaptor will receive on its address input a continuous

flow of addresses. One of these addresses might be its own.

Because of the serial nature of these addresses some means must be

found to indicate the beglnnln8 of an address. It is possible to

provide a synchronization signal on a separate llne at the begin-

ning of an address. However, this contradicts the requirement for

minimum lines between adaptor and control unit. Therefore_ a

scheme was adapted in which the first bit of each address is a "I".

Still, even in this case_ erroneous addressing might occur. For,

if an address is i_medlately followed by the next, any "I" could

be considered as the beginning of an address. To avoid such a

malfunction each address is followed by a number of "0" equal to

the number of bits constituting an sddress. The sampling rate of

a system using this scheme is only half of that employing a sep-

arate synchron_zatlon llne, but this can be remedied by dlvldlng

the adaptors of the system into two groups each with its own

address llne. The address on one llne then occurs during the "0"

on the other llne. Depending on the required speed a system with

two or one address line can be chosen.

Next, a way must be found in which an a_arm condltion is

reported by the adaptor to the control unit. Usln_ a common llne

for the alarm signals makes it necessary to establish a rime se-

quence in which the tndlvldual adaptors are allowed to send out

their alarm signal. If they were to occur at random, several

might occur ar the same time end identification of the channel in

which the alarm occurred would be impossible. The time sequence
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is established by doubling the number of bits of one channel word.

The first half is then used for signal addressing and the second

half for alarm addressing. The alarm addresses are produced by

the control unit in a predeEermlned sequence which does not change

during the operation of the system. Each adaptor is interrogated

in turn and if it had detected an alarm conditionj will send out

a signal upon receiving its alarm address. The price at which

alarm signal separation is obtained is agaln a reduction of samp-

ling rate and again this can be remedied by addin8 a llne carrying

alarm addresses only. However, because signal and alarm addresses

do not occur durin8 the same time interval it becomes possible to

send both the three, nation and The alarm si8nal on the same llne.

Disregardlng the power lines, one more llne is required

besides address and si8nal output lines, the limit line. During

limlt loading four binary numbers have to be transmitted to a

selected adaptor, upper limit, lower limit, positive and negative

rate of change. These number| comprise 10 bits each, (length of

one converter word) together 40 bits. If the length of one address

word is also chosen 10 bits - which 8ires an adequate number of

addresses - then the channel word will have the same length as

one limit word t vlz. 40 bits. With limit and channel word of the

same length it becomes possible to change limits within one chan-

nel word - an advantage when conslderln 8 the programming of the

control unit. One channel word is shown in Fi8.3.]. The first bit

of both, the slgnal and the alarm address word is a "I". The

ninth bit of a signal address word is always a "I", while its



tenth blC is normally "0" and becomes a "I" periodically as re-

quired to establish _he time base for rate of change monitoring.

The ninth bit of an alarm address word is always _ "0". The

tenth bit is normally "0" and is made "1" when it is desired to

load limits. Seven bits of an address word are used for address-

ing proper and allow 127 different addresses to be generated.

As mentioned before the individual adaptors do not contain

clocks. The clock is common to all adaptors and is located in the

control unit. Pedestal pulses on the address line provide the

proper tLming for the adaptors. The clock rate is decided by the

maxi_um speed at which the shlft register can be safely operate_

and is 100 kHz.

Fig. 3.2 _hows the time relationship between the addresses

(sisnal and alarm) and the signals (output and alarm),

Fig. 3.3 shows a way of increasing the sampling rate with two

address lines and one common signal line. One common signal line

can be used wlthout the danger of mixing signals.
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4.0 THE DIGITAL ADAPTOR MODULE

4. I Functlonal Descrlp_0n;

The digltal adaptor 18 intended to be used in multichannel

data acquisition system. It receives commands from and sends 81g-

nals to a command unit as shown in Fig. 4.]. All adaptors share

the same communication lines. Only three such lines are necessary$

Address _ine, limit llne and signal line.

The address line carries coded address signals allowing to

interrogate any channel and also synchronization pulse to assure

proper timlng of the internal operation of each adaptor.

The limit llne transmits a set of llmits to a adaptor which

18 selected to receive this eat by a command on the address llne.

The 818nal llne transmlt8 a signal from any adapto_ which

has been addressed. This signal can be an output signal corres-

ponding to a transducer output or an alarm signal indlcatlng _hat

the limits in the addressed channel (adaptor) have been exceeded.

Block diagram Fig. 4.2 shows the major functional blocks

of one adaptor module. Also shown is the manual limit 8ettlng box,

which makes it poa sible to adjust Indlvldual channels locally.

A signal on the address line 18 entered into the address

register and decoded. These signals on the address llne are sent

out in groups called "channel words". Fig. 3.1 shows the format

o_ such a channel word. Ir consists of four groups of I0 bits

each. The first I0 bits contaln the signal output address (bits

2 _hrough 8), a bit Indlcating the beglnnir_ of an address word.

(bit ]) a bit indicating that the address received is a signal
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output address (bit 9) and a bit establishlng the time base for

rate of change monitoring (bit |0). Bit |0 is not contained in

every address word but occurs only at certain times as dictated by

the selected time base. The second group is ten zeros which allow
t

the address register to clear and prevent erroneous addressing,

for if one address were followed immediately by the next or spaced

fewer than I0 bits, then any "1" followed by a combination of "l's"

and "Oes '' could be considered an address and be recognized as such

by an adaptor.

The third group of ten bi=s contains the alarm output ad-

dress (bits 2 _hr_ 8)s a bit indicating the beginning of an

address word (bit 21). Bit 9 is "0" indic_tin 8 tha¢ an alarm out-

put address has beenreceived and bit ]0 is "1" whenever limit

loading is desired.

The following ten bits are again all "Oes" for the same

reason as _he bits following the output address.

The adaptor can be operated in four different modes: 1)

silent mode_ 2) active modep 3) alarm mode s 4) limit loading mode.

When in the silent mode the adaptor is not addressed, I_

therefore sends our neither an output signal nor an alarm signal.

However s it does receive tlmir_ and command signal by the presence

or absence of _he bits Is 9p 10 s 21, 29 s and 30. These signals

are decoded and control A/D conversion s and 11Jait monltoi'iD C.

Dur_ the silent mode the _imits are shifted out of the limit

storage register s re-clrculated and periodically changed upon a

co_nand by the contcol unit (bits ], 9, and ]0 of the received
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address are "I es,,).

The ad_,ptor is olaced in the active ,node by receiving its

o_ _[gnal addre_ (b_t q i=, "I"). 10 bits re_resenting the d_i-_

tal equivalent of the :_easurand are then _ent out on thc_ _i_,nal

] J_ne.

The adaptor is in the alarm mode _hen any of the limits has

%

b.e_n exceeded (a "I" has been stored in the co,_L_aratoL- ) and it has

received its. o_m address. The "_" store¢1 in the co_pa_'ator will

then be sent out on the signal line.

The adaptor i_ plac+_d into the limit loading mode by re-

ceiving its o,,,-nalarm addL-ess with bit _0 being a "]". Recircu-

lation of the contents of the limit storage register is interrup-

ted and the limit input opened to accept a new set of limits from

the control unit.

The limits stored in =he adaptor can also be changed man-

ua!ly by ,_neans of an auxiliary circuit cont,_ined in the manual

limit setting box. Upon command the [nanual limit setting box in-

terr_,Dts the recirculatlon of the stored limits and shifts a new

set of limits into the limit storage register. _roper synchzoni-

zation of the shifting process is assured by synchronization sig-

nals picked up by the menual li,nit settin_ box from the adaptor.

.2 TiminF_ of Events:

The detailed functioning of the adaptor is described in

the ti_e tables I through 4, Appendix B. The wave for,ns 8t impor-

tant points inside the adaptor are sho_en in Fig. _=.1 through B.4_

i

Appendix 3. The lo_ic block diagram Fi_=, "_._ complements the in-

forn_ation contained in the time tables and wave shapes.

The time tables, the wave shapes and the logic block dia-
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gram are based on the following assumptions:

I)

2)

3)

4.6

The signal address of the adaptor" module is I0001]11]0
w

and the alarm address Is ]0O0111|00.

In all modes with the exception of the silent mode the

module has received its own address.

The limits stored in the module durln 8 all modes with

the exception of the alarm mode are:

Current value C (output of A/D converter) is ]]00000110.

Previous value P is ]010000|0].

Upper limit UL is l]000O0ll].

Lower limit LL Is.100000000] and its ]'s complement

LL is 011]]]]I]0.

A* is 001 000011 O.

_" is 01 0oo0011 O.

Current value C during alarm mode is 11100001]0.

Detailed Circuit Descrlption:

A few more words are necesmary for the understandlns of the

functioning of the decoder (registers SR 4 and $R 5 and gates OR 7,

OR 8, and A 9, Fig. 4.3), the limit storaEe resister with its

steering gates (resister SR I, sates OR 5, OR 6, OR 10, OR I],

A 4 and A ]5, Fig. 4.3), the previous value register with its

steer[_ gates (register SR 2, gates OR I, OR 1 and A 1, Fig. 4.3)

and the pulse shaper (see schematic diagram, Transistors Q 4 and

qS).



4.3.] The Address Decoder:

An address word appearin_ on the address llne is

entered into SR 4 and its onets complement obtained from inverter

Z ] is entered into SR 5. The states of the outputs of SR 4 after

10 steps when the first bit of the address word (which is always

a "I") appears at output ] of $R 4 indicating that an address has

been received° The other outputs of SR 4 have now assumed states

which correspond to the address word while the states of the out-

puts of SR 5 correspond to the onels complement of the address.

Two NOR gates are used to decode the state of the registers.

NO_ gates OR 7 and OR 8 wi_l becu_ne both "]" when all their inputs

are "0". Consequently, the outputs of SR 4 which correspond to

"01s " of the address and the outputs of SR 5 which correspond to

"IIs" of the address are connected to the inputs of the NOR gates

OR 7 and OR 8. Seven bits of each address word are available for

identifying one channel while the remalnlng three serve for sym-

chronlzation and mode control. The decodlng matrix shown in the

logic block diagram Fig.A.2 is wired for the signal address

]000111110 and the alarm address 1000111100. When OR 7 and OR 8

are both 'i1" A 9 is also "l" The output of A 9 by itself has
, °

no effect on the module unless one of the gates A 10, A 11, or

A ]2 are also "I" at the same time.

Decodlng could have,been done by usinS one or more AND

gates in place of the NOR gates. However, available circuit

modules dictated the approach using NOR gates.
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4.3.2 The Limit Storage Reglster:

The I_E storage resister $R I' is connected to two

arrangements of 8ares. These gates control reclrculatlon and

limit loadln 8. When the l_mits are recirculated the outputs of

the gates OR 5 and OR I0 are kept "I" by making one of Ehelr Inputs

"I". Signals on their other inputs will not change their outputs.

The output of SR I can pass OR |I because its second input is kept

at "0" end then Inverted by A ]5 whose second input is ,I" as long

as OR 10 is "I". The Inverted con_ents of $R I _hen reach OR 6

whose second input is kept at "0" and therefore passes the sign I

to A 4. The second input of A 4 is "7" because of OR 5 being "I".

The sisnal can pass A _, is inverted by it and re-enter into SR 1

in Its orlglnal form.

During llmit loadln 8 when a slgnal appearing on the limit

llne is entered into SR I and fllp flop FF 3 had changed states,

OR 6 is kept at "|" thereby blocking reclrculation. The second

input of OR 5 is now "0 # and _he slgnal on the limit llne is free

ro pass TO be entered in inverted form into $R I.

During manual limit loading when a set of limits is to be

entered from the limit loadin8 box, OR 5 and OR 6 remain in the

same state as during reclrculation, OR II is now kept at "1" and

OR ]0 allows the slgna_ to pass. However, because of the double

Inversion by A ]5 and A 4, The limits must be applied to OR |0 as

their one's complements. The manual limit loading box is wired in

such a _anner, that the limits entered into its registers are in

Invert ed form.



4.3.3 The Previous Value SR 2 Register:

The previous value register must provide to the com-

parator gates the followin8 periodic sequence: previous valuer

|0 "0ts"_ • oneSs complement of prevlous value_ and 10 _01s ".

This sequence is produced by taking advantage of the Inverting

property of the 8ate arrangement OR ] p OR 2 and A I o

When the output of the A/D converter is transferred to

SR 2_ OR 2 is "I" while the second input of OR I is "0"° (see

Time Table I). A 1 inverts the signal and places it into SR 2.

OR | is then kept at "1" by the _ output of RG 4 until the time

base signal arrives. OE 2 is also kept at "]" for the next 10

clock pulses. The output of A | is "0" and 10 "0is" are placed

into SR 2. Followtn 8 these 10 'tOts" the complement of the pre-

vious value is shifted out of $R 2. The second input of OR 2 is

now "0" the signal can pass and is inverted by A I and Is enter-O

ed into SR 2. OR 2 then 8oes to "I" again and 10 "Ors" are shift-

ed into and out of SR 2. After these 10 "0is" the previous value

in its normal form appears at the output of SR 2 and one reclrcu-

lation corresponding to one limit comparison cycle is completed.

4.3.4 The Pulse Shaper:

The pulse shaper provides the necessary clockpulses for

the adaptor. Its two outputs are the complements of each other.

Pulses greater than -IV received on its input will saturate Q 5

so that the pedestal pulses on the address line are suff_clent to

produce a 0 ro -|0V signal at the collector of _ 5o This signal

is then inverted by Q 4. The signal at t_e collector of Q 5



Page 4.]0

corresponds to clock pulses _l and the signal at the collector of

Q 4 corresponds to clock pulses _t.

A. 4 Implementation :

: &. _. ] Components:

The largest sln_le item required for the implementa-

tion of the digital adaptor transducers is the A/D converter. The

only unit on'the market which meets both, the size and the cost

requirement is Pastoriza Electronics" A/D converter Model ADC-

]01C, The interface circuits for integratlon of the converter

with the other circuits are simple: only three level changers are

necessary (serial output i start pulse and clock pulse). The only

modification required :4ili effect the serial output which in this

application will be taken from a different point than jn the stan-

dard model. Appendix G is the schematic diagram of l_astorlza

ElectrOnlc_' A/D converter with the intended changes entered upon

it. The performance specifications of the A/D converter, A._pendi::

H, will also govern the performance of the adaptor mod_tle.

The loglc circuits which perform li,'_it storage, limit

comparison and decoding will be xn_)lementee by I_:u_ field effect

transistor inteKrated circuit module produced by General Instru-

ments and the _._icroElectronics Division of Fhilco. It was attemp-

ted to keep the number of different modules to a minimum and, there

fore, extended use was mede of Fhilco's module pL4GO]. This

module contains 2 gate arrangements with 4 inputs eac:h. 3y inrer-

connectln_ the termipals of this gate arran._ement _ large variety

of logic function can be produced. In the adaptor this module



is used as register, AI_D gate, NAND gate, OR Bate, NOR gate and

inverter.

Other very useful devices are General Insrr_nents'

-_hift registers NEM 302] and MEN. 30].2 SF. These devices which

come in packages no larger than a flip flop and have a capacity of

2] and ]2 bits, respectively, made it possible ro keep size and

power eonstunption of the adaptor within realistic limits.

Another significant saving in size could be realized

by taking advantage of the logic functions of Philco's decode_

pLAG02. This one module performs =he functions of the 4 AND gate

A I0, A ]1, A ]2 and A ].3 (see Logic Diagram, Fig. 4._ ).

The complicated majority function (ge,te I.i)required

for limit comparison is obtained from the carry out,_ut of a full

Genet-al Instrument's full adder N"/}i ]000. The second full adder

centair_d in this module is used as an exclusive Og gate (OE 1).

OR gste, OR ]_ is not an inteKrateM circ_lit modLtle

but consists of t,,:odiodes. These t_o diodes not on]y act as an

OR gate but also prevenK si>:nal on the signal line from enterin E

the adaptor.

A few circuit functions cannot be iml>l_mented by

integrated circuit module_. These _,_-e the level uY,,_n/;ers (_ ] ,

Q 2, and Q _) and the pulse shaper (Q 4 _nd '_ 5 , _,'be_,atlc

Diagram). The tz'ansistors chosen for thi,_ tas[< are well ,'roven

typ_s svail;_ble as military version¢.

The co_p]ete Part_ Li_t c;_n be found in A[_,pen_ix h-.
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4,2.?' ?ocko3;nT,:

The c-bosen Lw, '-'_ ,'>','-

fo] louin[ _ ;" ",.. cons_r_t_ or :

] ) Design and develop_,ent ¢f the ;_d:_;,t:,)rmodu]._, t,,ill only

h," cu::ried out to the prototype _t_g._.

2) '_,_lJ, l_" ,,:, protot;,'oe it, _ature_ t]_e p_:c.R._:%ed adaj.,tor must

• . % ¢' 6-' 1 _"be _mall er_c_ur;il to demonstrate its: _,,,_ft.[ne, s end _how

9) -$iII;" :)at'".O.,%in$: r:(.t}lOd y"l!. _ _)e [I_-..:;}-,I_ e,'_:=b t,, -_llo,:

_) :b,---;>ac.%:_:sir,_ method :nust be inexr, cnsiv_ {:(,nsi _or_m E

the _mali quantities invo!vcd.

The packagin[: m_Ehod ado,)ted for the job is deemed to be a good

(:()mp_'o':_ise between manual and machine worP,

The basic idea of ' ""_. tn_ approach is the sar_,e a_ _he

one used by En?ineered _le_teonics Co. in their i':gcro.,_tick ,qyste_.:.

_Ae intesr_,_ed circuit packages az:e mounted o_ .<ev-

er,_:i layers of conductor petter_:s sepa '--'=. ra_e_, l,y insul.atin_:, layers

"_ .- 4 ._ shows _,,n ext:!oded vieu, of s_zch ,_n _,.cr_n.:,:",:.r,t -.

7ecauc.e of the ;_any differer, t c(.)_d,_-t,,:,r[,,y_t-_ r_-

qui,ceC a :,ay ha_ to be foand to pr'o(::.ic_ them as effici_._,ly o_

possibl_. T_,e adopted appr-o_cb .;t_rts wi'::_ a basi,- ¢:ond:_Ict,)F

:,,oet(:,_-n,shown in r:;_". _;',o, Of thi_. !:,_ttecn e_ :n_'_ny ne_%atives..

,..._e, made _s tiler(" are different: condu,ttor )attr, r_ "._l%'.?;;Ilte_

conductor 9_,ttern is then blaz'dted out (see F].'.. 5._). From the

ne_atives thus obtained the conductors are ma4e from two-eunce
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E-I , h-I

1"1- 1

("h _ Oh) ?

d h-1 k/N-"A h 2 >
4,.J h,,t

__ 2 ¸

h-1

(B b + Ch) 2 q.e.d.

4.)

or A d = 1, Bd = Jd = 0 (3)

_j + cj = .4j+ I = n C = I
or Aj = ]'33 , ]

Aj = Cj = O, i._. :" _ (_)

j = g + 1,..,d-!

= C = 1
Aj - B_ i

a + 1K 5 + C<"g g or A¢, = O, B = = ! (11)

a _,j-1
from (7): 7- a t

from (11): Ag 2g'l

a. i - !

- _ ('.-_ • ci)7. = 2,-.:_
_j- 8",i

- (lag + C,_.) 2 '_'1 = - 2 g

(12)

(13)

adding (12) and (13)
"t,

,,.i - I a
7" ,_ ,- - 7___ + c: ) 2j'1
j:_ + j=s J J

Z % 2 = Y (_. ÷ s,_
'.I d'._ a u"

The first d + I - g bits are not decisive and !.t is r_ec_.=sary to

look at the remaining bit,_ t to Z - _ for a condirion A i _ _d+ '-e,"

2
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copper foil backed with adhesive _[ylar by standard etching

tecbnique_.

For assembly the circuit pa_,kages are placed into a

jib and the conductor layers soldere_ into place, before the

sold_rlng takes place part of =he _ylar backing covering the

co_b-like le_ds of the conductor pattern is removed to _,llow

solder_r_ to the circuit modules. (see Fig. 4.1.0) After sc]4_rii_g

the circuit pack,]6,es _re potted to _ive them sufficient _tr_,c-

rural strength.

The 30 integrated circuit modules of rbe losic Dart

of the adaptor can be packaged in only three tlnits. The finished

7pnckases are then mounted on the mother board (Fig, A.]l) which

also carries the A/D converter. Each adaptor is equipped with a

ITT Cannon-Micro D _[DB]-25 connector _ich has its counterpart

on a chassis (Fig. 4.]2) _._ich accepts the 6 adaptors of the

complete system.
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Tr_nslqtor Q ] m_'<e_ _ure the 3 input of FF ] is _-etarn_d

to -VD_the _oment FF ] goes into it_ "]" state. A =econd setting

of FF ] the_.-eby avoided a_ lung as 3 3 h_s not been op_ne_ _g_in

long enough to allow C ] to discharge.

After 4 limits have been shifted into S_'_ 40 it is now

possible to transfer these value_ lntn the limit _torage L-egister

of the adaptor. S ] i_ set into the transfer position end uvon

closing of $ 3 _r_d triggering of FF ] by the first pul_e from the

r ,"]" output of FF 5 of the ad_ptor. _R ]] of th_ _4_ptor is k_pt

st a "1" blocking the contents of the limit __e!_i=ter of th_ adap-

tor from recirc_latlon, while the new limits fro:r, SX 40 (-an p_

through OR ]0 and A ]5 to the input of the limit register of the

a£aptor.

5.2 lm_l ement _t io_ :

The same type of MO$ field effect transistor integrated

circuit module_ will be used for the manual limit _etting box _s

for the adaptor.

The p_ckaging requirements for thl_ circuit are not so

stclngent _s for the adaptor. The volume t_ken up by the circuits

is .mall in Comparison to the switches for limit entering. The

integrated circuit modules will be mounted in sockets and the

interconnections will be m_de with wires. The circt_its will be

encased in a standard alu,ninu_ case messuring 65 x 3_"× 2%"

fitted with a cable for connecting to the a_spt,_r.

The complete Parts List can be found in Appendix 5.
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6.0 CONTROL U_IT FOR TESTING

During the =esting of the proposed syste_m of 6 adaptors it

will be necessary to provide synchronization, to generate ad-

dresses, to display the output signals and load the limits. These

functions which will ultimately be performed by a spec£ally pro-

grained computer are indispensable for the operation and check

out of the system.

The control unit for testing must be inexpensive and,

therefore, simple, It is the address generating circuits where

the most significant savings can be obtained. Rather than attempt

to generate all 127 possible addresses in any desired sequence,

the address generator is limited to 6 addresses in one sequence.

The display for the output signal is also _ept to a min_n. Only

one channel can be displayed at a time. To display rJore than one

¢/_annel at the same time would add nothin;_ to the usefulness of

t1%e test set-up for, only o_e channel can be evaluat_d at a tlm_.

6.] Circuit Descriptlon:

Fig. 6.] shows _he block diagram of the control unit. An

extern_l pulse generator serves as a clock. Clock pulses of both
4

pha=_es, _r and _zare available at _ rate of _0'_,o00 pu!se_ peL-

second. Counter C ] is counting at this rate and e_ch of its ]0

outputs becomes "]" every ]Oth clock pulse. Output ] triggers

fllp flop FF _ causing it to change states ew_ry I0 p_slses. _he

"]" output of FF ; in turn trlgsers FF 2 which changes states

every 20 clock pul_e_. In this manner, the basic interval of |0

"O's" of a channel word which alternate with signal and alsrm

addresses are obtained by alternately blocking OR ] by the "0"
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output of FF I. Th_ inverted output of OR ] stays at "0" as Ion3

as FF ] iN in it_. "0" =.tate. The ,,I" o_Itout of FF 2 is a square

wave ,_ith a oerio(! of A0 clock n-_1_e_ corcr_ "_,=_.... I>O ....... ng to the l_n_th

of o_e channel ;,,,'_r,4. The "] " ,._:.:t:,;,._P.of FF __ is ._ioplied ro co_mt_r

C 2 _.ahich i_ therefor_ advam.-._f ' • . _o} one co'._n_ ,,t tl_e u_ginnin_, :_.,."

e_ch channel word. (See _,ave shap(-;_ Yt,'. _ ._) ,_ is ;_, ,,_;_,,_.',.,_ ,,,

COLIIICeI." aFl_ i[_ O'.ll.'i)tlts OlF¢, cOI_rle.Cfd ,-_ : P _ L,,. Ok,,,_,,:.(_ .o A_;D :,,"_t,_s A 2 ":-"- ,o

A 7. Any one of tY:esa %at#s _,,ilI. _ epa_.l..,-.,'=_:f,.,;:40 ,._ul.=e_ {.f its

Inv_-.rted Ini,ut is _-eturned to zero throuzh ti,e _,,-it.....,_;, C,31'_._E'Ct('6 t'o

it. The out_-ut of such a _;ate _,.-.illthen be ,',"'," ,.'her" t:h__ outFut

of C _to ,,,bi(-h .i_ it_ connected, b'_com_ "_ "l" ,;..... .

during one channel _,,or_. OnJy t,,,o of t;_ese _ign4, ls, s_,acad 2,3

pu].ses au_rt,_ reach the. output bec,'_r,__ Cl t i_ _.loc.k¢._,. ,,,,_.,-v._.._

other l0 pulses. Addres,.-e_ thu. _- pro('uc,:.d consist of .:,=i_:l_ "1"

(dis,ce:.,ardin.?. ",it 1 , 9, _,_d I O ,.),.it! serve to cc:_vey cc_r.r,:ands)

po:;ltioned in front of (;r between "{_,_._". Si£_.a! and a!arn, ad-

dresnc-_, nont out duri_N th_ _,3e channel word ere alw:,.ys th_ _ ,_....._e

_,,it.h t'_[_ exceptt_.m of bit q _.._ti(h appear:: j.r. _n:,] _dc',re£=r-s

o n Iv.

};y _w/tchin_. _:ny ,.'>._ t._e s'-'; _ch,,._ _ ,: rh:_-,mq;b , 7 Co ti'_c

"I" OUtDUt of F,: 1 _ " t.L t ,.'i,_',b _• . ..t. J.'_ r.r_S._ l<. 0 ..... c I_-7_--. C'Ol'_°c._t,.,(_nr'._ nt.

"" , z , bits of ..:, cl;,[:n_] .... (,::<. t;_, _:i.._:_,-_I_:'_D t!at'e duri_: t-be first '_'_

a(,eress i_: " -' only t?'.. -.,l_,rm _ddres:_• _I*Ot,UC(rC itl t]1£F Ca._. @ _ ..........

6it 9 used to.signify a .,kEnaI outp;_.t address _._u._t a,f.pe',.t:

only durir',:g the first 10 bits of a ch_:-,.n_l ,'or,?. Cat:,_t 9 of

C ] is_ tlle_ef,.)re, a_::,_)lied to ._ 9 ,,'hich i. _ en-,blea _.,_._r. FF ] afar."
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FF 2 are both in the "]" state (see wave shapes, Fig. 6.2).

Switch _ _ allown selecting the channel to be displayed.

l_ring the time C 2 stays in the state selected by S 8, A 15 is

enabled. '_en FF ] and FF 2 go both to "0" _nd the inverted

output of OR 4 becomes "]" then A ]5 passes clock pulses t¢ <hilt

register ER ]. The pulse_ appearing on the- output line of the

adaptors are the_ shifted into SR 1. After 10 p_Ise_ ._F I b,_

to "]_ and A ]5 is di3abled. For the follewlng 30 clock pul_e_

the contents of SR ] remain unchanged. During the same period

the output of A ]6 is "0" and power is applied to the lights B l

through B ]0 through Q 4. Those lights which correspond to a "]"

in SR ] are turned on. When both FF ] and FF 2 are in the "0"

st_te thp p_.riod during which _R ] is loaded and the states of

the outputs of SR ] are changin@ - 811 lights are turned off.

If the light_ were left on_ no clear read out could be obtained

for lights corresponding to "01s '' would also bP turned on during

loading of SR ] and glow at various levels of brightness.

Counter C 3 counts =he output pulses of A 9, C 3 has a

maximt_ count of ]000 and consists of three module ]0 counters.

A 9 becomes "I" only once every 40 clock pulses. Consequently,

it takes 40,000 clock pulses to complete one _evolution of C 3.

The decoding network A 12, h ]_.,,_nd A ]4 _uroduces _ "]" for

40 clc_k p_Ises with a periodicity of 40,900 clock pulse_. Its

output is applied to A ]0 which put_ out _ "]" u,hPn output ]O

of C I and FF 2 are also ,,I,,. Tbls ev_.nt a]w_ys t_ke__ pl_ce on

the clock pulse i._u_diately following an output fz-om A 9 there-
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by ma_ing the output of A _0 pert of thP signal address. 'Jhen

such an 8ddress is received by an adaptor it replaces the pre-

vious value stored in the previous value register by the current

value. In this manner_ the time ba_e for rate of change de_ec-

tion is e£tablished. The time base in this case is .4 sec

rather than ] sec which will eventually be used when the system

will be controlled by a computer. The shorter time base of .4
l

sec was chosen to simplify the design and cost of the control

untl for testing.

For remote limit loading the manual limit loading bo.w

must be connected to the control unit. The limits are placed

Into the box in the same way @s when it is u_ed for looding in-

dividual adaptors locally. However, the transfer of the limits

from the box to £he adaptor is now Initiated by clo$i_,% switch

S ] of the control unit. Closing S ] forces the inverted net

input of FF q to "0" and when the output of C 2 (selected by $_)

which corresponds Eo the channel whose limit_ are _o be ¢han,'&ed

goes to "I" FF 3 is set to "I" A ]] is now .,n_blec, end _hem

FF 2 goes to "0" output ]0 of b ] _:ill _ppe_r at its output.

The inverted output of A ]] is eDplle4 to the set i,,put ,>f ?_' ]

of the li_it loadi_B box. This fllp flop will go to "]" upon

[eceiving a pulse on its trigger input from FF ?. Clot1< pulse_

c_r, r,ow reach the register,= of the liv_it l_edimg bo_. ,_nd t;h,,

limits are _hlfted out on tl_e li_:it linP. FF 3 is _-ee'e_ by th_

next "]" from FF 2. FF ] of the limit" lo_41ng box is reset 40

clock pulses later _ahen FF 2 goes to "]" again, Limit loadin E
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is then eo_pleted.

No provision are -f_c_£e in the control u_it to £i_,olay_ _x_

alat_n s_gn=l that might be _J_,ducec by an _C_,Uor whose limit_

halve been _xceeded. Alarm _Tign_Is are d,_t_.ct_d on the sig,oal

line by monitorlng it by en Osc._lloscope.

6.2 Implementation :

The contL-ol 'Jnit emo]c,y_ the _aw.e tvoe ,)f ir_te..ret,_d elf-

cults as the adaptor.

The ,_ontrol unit f,_r t:_stln_., i._ [_n,',e_ for ,'.h_".'.'.,:_tof

the adaptor durina an_ after _:,_-seir,bly a_ the f_:cto_y an_ [_-,

therefore, of te._.porery usefulnes.= only. It SL,eul.,! be _,u_s_ruc-

ted 8t the lease 'possible, cost_.. Zlmple br_adbo_idin:_ uith the

Integrate_ circuits _ou_ted i_, s_ouket; _.,ill be _dequat_ for

this purpose.

The complet_ l:auts l.i_t[< c_, be f_',.,_d in App,_r,:fix .:7.
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7.0 SPECIFICATIONS

Performance of the digital adaptor for Transducers will

conform to the following specifications:

Analo_ SIKnal Input

Input VoltaGe

Input Impedance

Digital Si_nel Output

Word Format

Resolution

Bit Kate

Lo£ic Levels

Word Rate

Output Impedance

Limit Ipput

Word Format

Bit Rate

Logic levels

Input Impedance

0 to -10 V

]0 blip, non-return- to-zero,

:i,ost signiflcenr bit first.

]0 mV

100,000 bits per sec.

"'9" corresponds to O V

"I" corresponds to -]0 V

2,500 _,ords per sec.

2 k_

40 bits correspondiog to the

4 limits, return- _o- zero or

non-return-to-zero.

100,000 bits per _ec.

"0" corresponds to O V

"]" corresponds to -]O V
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Address Signal Input

Word Format

Bit Rate

Logic Levels

Channel Word Rate

Input Impedance

Power RequiremenE s

AO bits allocated to one channel,

return-=ouzero, pedestal pulses for

synchronlzat ion.

]00,OOO bits per see.

"0" corresponds to OV

t],, corresponds to -]0 V

2,500 wo1-_s per _eccnd m_y.

36 k_,

+15 VDC, + ]_4,?_

+ A VDC, + 5_, 300 mA

-13 VDC + 2%, 85 mA

-26 VDC + _Jo_ 65 _



_. 0 TEST M£THOD$

Realistic testing requires that the adaptor be operated

under conditions which re._emble tho_e of its eventual app!ication

_,_ closely as possible. For this reason a control ,_r.it _'ii[ be

constructed _;hich will allow ooeration of a system of 6 adaptors.

The control uni_ is described in Section 6.'_. It provides all

=Fnchronization signals, generates addresses and displays the

outpu_ _ignai of one channel.

The parameters to be tested can be divided into two groups:

l ) Farameters depending on the performance of the A/D converter.

2) Parameters depending om the performance of the logic circuits.

To the first group belong linearity and conversion accur-

acy which can easily be tested by applying a series of known

voltages to the input and comparing them to the values read out

_t tb_ display of the control unit. This task is equivalent to

resting the A/D converter.

A(3,_re_-_ ,_.{>_cci:_i.:_t.ion ..'_nCf,_.l:._ _,'._,pe'" can easily be

'.._o_,itor,>d '_" c:h_T;,:_'e4am !:he ,;cree_-: ,,f ,_n oscii l:_.'.c,_oe

Tbo ris_ and fall time. of tl,<. i:.I]ses com_['_.tutin F th.-,

{)_tt._...r' _IF:_,:.I. _._:ust ]_. .._._f_icient].__ ,_h,}rt ro a!lew .... Ehe pui<,: _- t:o

.......... 0 .; : ::,
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Address discrimination can be checked by monitoring the

signal output llne of the system. If the addresses generated by

the control unit do not correspond to any ad4ress of the adaptor

of the system (for instance, bits 2 through 8 equal to _0",

see Fig. 3.]) then no output signal must appear in the time

slots of ]0 bits im_,ediately following the signal address word_.

Testing liner monitoring requires a more eleaborate test

set up. Fig. $.] shows such a setup for testing amplitude limit

monitoring. Fig. 8.2 shows the time relationships of the per-

tinent _ave shapes. The signal applied to the adaptor under test

consists of a DC voltage on _ich a rectangular pulse is super-

_mposed. _,_en the upper amplitude limit is to be tested then the

peak-to-peak voltage of the rectangular pulse is adjusted to

_uch a magnitude that the composite signal (DC bias plus pulse)

exceeds the upper limit stored in the adaptor. During the time

period of 30 clock pulses follo_Ting the leading edge of the rec-

tangular pulse both, lo_er and upper limit are compared to the

signal and an a].arm signal must, therefore, appear on the out-

put line of the syst_ at the end of This period. The syn-

chronization signal for The pulse generator must always be taken

from the output of C 2 which corresponds to the channel under

test.

The same method is used to test the monitoring of the lower

limit, only in this case the pulse polarity _ast be reversed so

that the composite signal is the difference of bias and pulse

and as such smaller'than the lower limit stored in the adaptor.

/

/
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Fig, 8.3 shows the setup for testing rate of change monk-

toting. Fig. 8.& shows the time relationships of the pertinent

wave shapes.

The signal applied to the adaptor under test consists of

a DC voltage on which a ramp function is superimposed. The D C

bias voltage is required to insure that neither of the amplitude

limits are exceeded during the test. The slope of the ramp func-

tion is adjusted to a value just slightly longer than the the

value which corresponds to the upper rate of change limit stored

in the adaptor. The ramp voltage is started by the leadin_ edge

of the output slgnal from gate A ]4 of the control unit. This

_ignal is used to produce a comm_nd signal which causes the adap-

tor to shift a new value into its previous value register. The

previous value register then retains this value for 40,000 clock

pulses until it receiveE the next command signal. If the change

of the input voltage with a slope which corresponds to a value

slightly larger than the stored rate of change limit is _tarted

concurrently with the replacement of the contents of the previous

value register, then an alarm is detected at the end of the 40,000

clock pulse interval and an alarm signal must appear immediately

following the alarm address of the adaptor under test. By synchro-

nizing the beginning of the ramp function with the replacement

of the contents of the previous value register, ambiguity as to

the exact time when an alarm has been detected ms avoided.
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_e_. _,'.._

FOE', if '.:e ,_l_ t'*[at t:i_ r_7_l) ",,o]r_,_._ _.;as .crafted in the middle

of the 40,000 clock p_Ise period, then it ,_i@ht take more than

60,0:]0 clock pulse._ before an alarm ._ignal is produced.

i,ower r_te of change limit ,._.onitoring is tested in the

s_ime L_anner, the difference being only the si_-n or the slope of

the ram_) function.

A_ e×'oerienc_ i_cr*a_es sft_r te_.tine of the digital

_damtor has been started, im'oroved t_st method _- will be found

,¢hich eventually :_ill find apolication in the checkout of

in_t_lled =y_te:u_usin_ the digital adaotor for tr_ncduc_._r_.
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9.0 COSTS OF F_TERIALS

The costs of materials of one dlgi=al adapto_ module,

one manual limit loading box and the control unit for testing

are shown below. The fourth cost breakdown shown below refers

to a system with 6 channel8 which is proposed to be built to

de_,_onstrate the feasibility of the design concept of the digital

adaptor for tansducers.

The cost of the system of ._x channel_ contains en _mount

for parts _n excess of what is needed for the cons:_,Jction of the

system (scrap). These par_s will be needed for experiments and

to serve as replacements for parts lost in _n.anufacturlng a_d

Testing. Only six A/D converters sho_n_ in the break down fez-

these itams are c_apletely developed off-the-_helf models. It

is not e_.pected that any of them will be d_maged or lost rJurln_

_,,anufacturing and te_ting.
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DIGITAL ADAPTOR MODULE

Far..___tt _:umber Unit Price Totdl }'rice

pL4G0] I5 ]2,60 ]89, 00

pL4G02 2 43.90 87.80

MDI]000 1 "_'_ 00 32 no

I'I_1 002 I ] 2. O0 1 2. O0

Mh_,_1005 4 ]5. O@ 60. O0

M_301 2SP 3 78.00 234. O0

MF2_302] 3 74.50 223. O0

MEY4000 ] ]5.00 ]5.00

Patchboard connector ] 9.00 9.00

Patchboard plug ] g,00 9.00

Limit box connector ] 3.00 3,00

Printed circuit board ] 3.00 3.00

,',_ultilayer interconnections 20 2.50 50.00

ADC- ] 0 Converter ] ]000.00 ]0nO. 00
ic

2_2222 transistor _ _.g_ ]].O2

2N2907 transistor 2 £. 7q ]7.40

IN9] 6 diode 4 .67 _. 6_

Resistor_ ]3 ._ 7.64

!';iscel !aneous 1.()O.qO

Cne Oigit_l Adaotor l_od,11e _,e2065.nO



I,'._!_:UALLIHIT LOADING

Far_._.! Number

,_IEM 1005 ]

,,:m_i 3021 2

pi,4GO1 ]

2E2222 I

Resistors 3

Ca?e citor ]

Lever action switch ]

]T_o_ le swirch
_C_Cm

i'usb b',tton switcb ]2

Cas e 1

Connector ]

If3., ,__Ce_l a_eous

One 7.:::n_v_lLi:_,it Loac.'iD.::;Box

BCK

Unit

"F:_e 9.3

Frlce

1 5.qO

74.50

12,60

3.98

.78

] , 34

.,L )

.53

t',

1.32

q. _']

Total Price

] "=.J. 00

lAg. 90

I" 60

2.9,%

1 ,34

I .20

• ) .>

7, "?,.'_

I .32

") /% F_

NO. O0

$3_0. O0



P_r_

pL 4:2; t: 1

pL&C: 91

pL£G _"

FIE>,;] 005

,.:r.:._., 01 2SF

F:E_.:4 n 00

I_;91 6

2N2907

7_:,;?222

2_290_

C,_9a c itor

Poteutiomet er

Incandescent bulbs

.oc,,,e t_

i_tI_h button switch

Toggle switchee

:lotaLq_ switch

:];,me

Connector_

Ni_cellancou_

CO:_TROI.

Fa%¢ 9.4

One Control Unit for Tc, sti:l;

UF,IT FOR TKSTI_-,_.

"e::v:_ber Unit Prt,.:.e Total iz'i.ce

5 57.59 2_7.50

16 _ "" 201 60,)i.l

' _ nO ,q7.F,3

3 ] _. 3n 45.09

! 78.n9 7;::. 03

1 15.00 _ 5.30

9 ._C7 6. q3

q " 79 ,_,_. 5n

I 3. q "q 3. ':IF;

1 o. _O ":.30

1 1 .2q 1. q4

_,,_7 5,r7

1 3 ,3 ] ?. 1 0

1 .6n .6:3

,-" L" _ .) 11 "nO • _'D . ,Z

1 2.1 _ 2.!0

l I . .:,5 I . :.:

• , - t_r

.:-."',7 6. :)O



SYSTV_q WITH 6 CHANLELS

Far___t t;,Lmbe=

DisiCal ;_dapt or 6

}_al_ual limit adj. box l

Control unit ]

U_it Price

2065.9_

380. O0

76. qO

TOtal Frlce

12,390.00

380.00

_76.00

Scrap (]OYo except 6 A/D converters) 765.00

llaterial Cost $1441] .00 ,_



After" approval of the design of a digital adaptor for

transducers resulting from Phase B effort, Phase C of the con-

tract will be starte_. During this phase a sys_e_ of six chan-

nels consisting of six adap=or modules, one manual limit load-

i:_g box and one control unit for testing will be constcucted.

Before the fabrication of all six adaptors is started,

breadboard model of the adaptor will be built to check the

_oundness of the design and of the interconnections.

'l_e system _,rill be thoroughly tested and the thus _ained

experience applied to the writing of the Acceptance Test

Frocedures,

Phase C will end with the delivery of a system of six

adaptors and the acceptance test procedure.



_I '% _'_c_" ._L%,?._KY Ar_D P_O, TECTION CF FUTURE EXFENDITIJ'?,E5

At the end of t-'h_e B a total of $64,800 or 72% of tile

tot,-;l cos'c_ funded for the c0n_ract have been expended. Of

tbi_ ....r_nount $4'),550 or 45_ have been spex_t during I-base B

i_ha_e i._ which comprises the main effort of [h,_ scope of

_or;t of the contr_ct, required ,_or_ ti,_,e than originally amtic-

i_:,red. The reason for del_y is re be found in the nature of

the ta_k ',,,hich dir] not n!lo_" a division of _.7ork among many In-

divic'uals. As it turned odt, it was :nainly _ task for two

Difficulties developed ,_hen it !)_came appamen= that

certsin semiconductor devices which had been on the _rke= when

lq_a=e S was _tarted _.,ere no longer available. Design changes

bec_._,ne unavoi(_able causing costly delays,

The ,projection of future expenditures reflects the effect

of these delays and also the increased costs of materials .which

proved higher than originally anticipated.

Below, a graphical representation of the projection of

futur_ _xpenditure_ is given:

@
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_i--.e,_r.yo_ l'he Li.mir d.omo_r_tor

_,d C are ,iver in b_n_ry form:

p_N')

o n 4- :!n- ]

] 0
... A 2 2 + A 12 =

"'' '-_22]'+ _.2:J -:

,.. C 7 2 _ + C ! --:

P'i. z
i-1

n i-I

;-t

n

b!

the .:_,_.t< ..>f : i t_ (A_ _!i Gi) of the s_{_'e position be_.?_n_in_ wit;;

t!_: 'r.os_: _:i :_'fi.c;.:'_t bits. '_e w_-,t __o "_<Dov,,%,hether ,i_> B • C or

'-% q< .. -_ "i ""' tb.e 1_,_,,=t n_lmb._r ,of ste',',=,

l _ A = "_ "_ _" if A i 8i - _ _ "'"• . _ • - " ' + CI for i = _ "_ r,.

or

"" = 1 k, = 0

_%_- = L;. -- "'

&e_r_.ci -_ A ".6 ,-_nd C:

Ai '_/_
• o|

+ _-_ g. 2

K
i-]

+ _" B. 2

a i-]
+ _C 2

[:/ i



If A i = B i + Ci , i = d + ], ... n then the first n - d bits

will not decide whether A > B + C or A _ B + C. If we meet with

the condiClon A i = B i + Gifor i = d + 1...n we can disregard

these portlons of the numbers in the followln_ considerations. It

suffices to consider only numbers for which A d # 5d + Cd for the

most significant bit.

2.) A<B+C

If A d < [_d + Cd or A d = B.c = 0, Cd = 1

A d _ = ]-_d : O, Bd

A d = O, Bd = Od = I

(2)

Ad = _d = Cd = I

For: 2 d'l _" _ Ai 2i']
f.!

d-1 a. i-1

(Ad + I) 2 2 Z A_ 2

from (2): (2d + "d )

d-1

,,ad + _,) 2 >
i-1

,_--. Ai 2



d-I
_(Hd ÷ Cd) 2i'1 --_ (g d + Cd) 2
i,l

MEI,HP,vI,Is,, 
Append ix A

A i 2

a "_ 2i'I k A i 2i-]Z:.,(_d + -d ). > ;-t q. e. d,

_age- 3

3. A>8+C

If A d > Bd + C d or A d = .I, Bd = Cd _-.0 (3)

B3 + cj = Aj + I,

1= g +1,... d-1

or
Aj = _j = 0,

-- I)
Aj = Cj

Aj = Bj - C i

Oj=l

6j =1

= 1

(4)

or
=_g=C =0Ag g

= - 0
AM = Bg 1, Cg

Ag = Cg = l, _,g ---. 0

A = 1, B - C =0
g g g

(5)

For from (a) :

from (3)

d-I

(B d + Cd)2J'!
j,.,ou

W.-I

Z A.2_ +

j's" 3

d- 1 1 d-I .j- 1
Ad2 -2 d" .> Z 2

d_S"

4-I

2 j'] (6)



from (3):

2J-I=
2_(sj + Cj)

Z

Y_ ^j
£e'I

MHHn HYIIII,, .
Apoemd ix A

(Bj * Cj) 2j']

k_ge - 4

_i 2J.l2j'l ÷

a"9_!

from (6): (_j + cj) 2j'l-

d-i . ,,t-1

7- ,j 2_'I 7- 2j'1
.,j'3'_ /',9 +"

from (3); d-I 2d. 1A d 2 =

o.-t j-I
2 d'l - _ 2 _. 2 _

7 A. 2 j'l- 7" (Sj ,+ cj) 2j't
j'-y_ J _.S,I

____2 d'l-_ _ 2J'l= 2 g

,.. _+t

(7)

• 2 g'l - (Bg + gg) 2 g'] _ 0from (5). Ag

g-I k. I 9-t _ _-1
]_(5 + C_) 2 ---_ 2 _ 2 k'l = -- 2
k-I k k:l k='Z

g-I _.
I-* k-_ k-]
Z _ 2 " Z (_k + Ok) 2 _ - 2k'1
v,-I K-I K.2

Adding (7') (8) (9,) ___.2y__",% z - _ (_::h+ c:.,)2"-:;, _'_-_-
I,,t _"J I,<:l

k-I
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It is now possible to derive logic equations for _ com__rator

which accept_ _ b_nary numbers in serial form with the most signifi-

cant bit first and which signals the condition A > B + G called

_a larm".

The bits in the same position of the =hree numbers occur in

any one of 8 combinations as shown in Table I.

'_o_blnation iAi

I , m _ i i |

! i I

2
| . J i

3
i i u il i i

I.......7

8

B i

0

P

_£

0

0 l 0
t i

1. ]. o

0 0

] 0 ]
=- :: .......

0 . 1 ! 1

1 1 ! 1

Combinations 3, 4, and 5,when occurin_ first_

erudition ![.): written in Boolean algebrs:

s h. ÷ i,i , Ai

correspond rq_t_,.

The comparator remains in its initial stare when any of the

combinations 2, 6, 7, and 8 occur after only combinations 3_ 4, and

5 have occured then A < B + G (equations (2)). In*Boolean algebra:

N = A i Bi Ci ÷ A i B i _ + A i 5 i C i + A i Bi Ci (1_)
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Regardiess of what combinations follow, A cannot excee_

+ G. The compar_tor, therefore, must be ir_,ibited f_om going

into the alarm state during the remaining part of the comparison

cycle.

If combination I occurs after only combinations 3, 4, and 5

have occured then it is possible but _ot cerraln yet that A> D+C.

(equa tion 3)

Written as a logic equation

A] _" A i _i _i (15)

As lon_ as only combinations 2, 7, and 6 (equation 4) occur

after combination iI no decimlon can be made. but if any of the

combinations 1, 3, 4, and 5 (equation 5) occur after 2, 7_ and 8,

than A >B + C and _he comperator must produce an alarm signal.

The logic condition is:

A 2 = Aj Bj _j ÷ Aj Bj _j + Aj _j Cj + Aj Bj _j
(16)

a w _ o w _ w
D

^2 = A_ _J Cj + Aj Bj cj + Aj Bj cj . A3 bj ¢.J

- ('Aj÷Bj÷Gj)(Aj+Bj+Cj)(AJ÷Bj+_j )(Aj+Bj+Cj ) -

= Xj Bj _ + Ej _j cj + Aj _j cj + _O _j cj

rneref ore A2 - _ (17)



maximum allowable change of the measurand

Appendix A PB&e - $

If combination 6 occurs instead of any of combinations I, 3, 4 ,

and 5 then the comparator must be reset to its initial state.

Combination 6 is writ=an as:

= Aj Bj Gj (18)

The comparator must detect C > _ + _÷ during rate of

chsnge monitoring. C is the current value of the measurand ob-

tained from the A/D converter, P is the previous value of the

measurand stored in the previous value register and _ is the

in the time interval

%

Setting C = A

P=B

We have all the needed functions for ccm_parison in equations

14 through !S. gertainLy no alarm (equation 14):

This function can be implemented by a 3 inDuS majority g_Ce

and applyin_ _ instead of C.

The inverted output of this majority Kate equals function A 2

(equations ]6 a.nd 17)

A 1 = C _ _ (equation 15) can be implemented by a 3 input

|qOi'% gate _nd apDlyins again C instead of C.

m

R = C PZI÷ (equatlon 17) can be implemented by a 3 input A I_ D

gate and applying C instead of C.

Fig. I shows the block diagram of a comparator meeting the



above conditions.

Flip - flops FiR and _'i_,_::c_ register R ]L

the "O" _tate, and the outputs of NOR 2 and A 2 are "C".

condition _ occurs the output of N and A 2 become "1" _'F

thereby aDplyin__ a '_I" to N;_'R 2 •

initally are in

is se_

-'A * _..v'._ _-CP,x
\

\

/ [--_ ......

A," C .r..'_J"

, 1 L
i'

v _t:!

..... !

t

'_ !0 _:._, "_-

Figure I.
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As long as FF 2 is not reset no signal can reach R I because of

the "]" applied to one of the inputs of NOR 2. No combination of

C, P, and &+ can now influence the state of R 1 . After the lea.dr

slgnlfican= bits of C, P, and _+ have been applied to the compara-

tot, it is reset and ready for the nex_ comparison cycle.

[-_%en an A 1 condition occurs then the output of _[ is "O" and

the output of NOR I is "I". The next clock ou!se _etgFF 1 to "l".

Two inputs of NOR 2 are now at "C". If M is al._o "O_(if condition

A 2 exists) then the OUtDUt of NOR 2 is "I" and sets R1 to "I" which

indicates an alarm condition. Once R] is set it can only be reset

by a command derived from o_her circuits of the adapter.

Any condition other than A 2 and R following A 1 will not in-

fluence the state of the comparator and when _ventually followed

by A 2 wlil produce an alarm. However, if R occurs instead of A 2

then AND gate A I will be "l" and the next clock pulse will clear

FFI. The comparator is then again in its initial state and will

produce an alarm signal depending on the remainln_ bits of C, £,

and _+ .

Every ]0 bits - after one comparison - the comparator is

reset. _f condition A] occurs during the last bit no alarm signal

is produced in.qDite of the fact that the limit is exceeded by ].

The comparator can only produce an alarm signal if both con-

ditions A 1 and A 2 have occured. In the case of the last bits

corresponding to condition A 1 this is not possible. Therefore, an

alarm is only produced if" the limit has been exceeded by at least

2 (equation I0).



It remains _o be shown that a negative r_re of chan_e_uDoer

limit UL and lower limit LL can also be monitored by the same

circuit.

Negative rate of change is exceeded if

C<P - _" or

C+A-<e

Before we had P +Z_+< C. Comparing these 2 unequ, lities we

recognize that F and C changed places. Therefore, all that is

required for neBative rate of chan_e monitoring is applyinK

instead of P and C instead of _ to _he comDaretor. A circuit

which alternately complements F and C before they are applied to

the comparator will suffice.

Upper limlt _ is exceeded if

¢>UL

UL is stored in the same resister as /_÷ end _" 8nd appears on

the same llne. Therefore, C > UL is detected by keepirG the

input of the comparator at '_C" during this comparison cycle.

Lower limit is exceeded if

C < LL

Or c> _L

This function is obtained by applyin_ C instead of _ to the

co_parator, keeping i_s _ input at "Q" and storine the COmDle_nent

of the lower limit, L L in =he limit register.
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_ecau_e of eouatkon I..08rid resetting of the coa_perator every

ten bi_s _n a!arm i_ only nroduced if the [imi_ ere e_ceeded Dy

2 units Thi_ can be c_rrected by s_oring _* I, _- I, UL I

and LL - ] i_ the adapter.
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APFi_NDIX ,B

• TIME TABLE I SILENT MODE

During the preceeding I0 bits and address word was shifted

into SR 4 and SR 5. This address does no__._tactivate the output of

the adaptor. During the following 40 bits KG ], RG 3 t RG 4, and

FF 3 remain reset. The outputs of A 6, A 7, A ]2, A ]3, A ]4,

A 16, A ]7, OR ]2, and the inverted output of OR 4 remain at "0"

and the outputs of OR I, OR 5, and OR 10 reumin at "]".

Signal address received (module no..__taddressed).

Outputs 1 and 9 of SR 4 and outputs of A ]I

and OR 9 are "l". FF 5 and RG 2 are set, FF l

and RG 5 are reset. Output of A |0 and the

inverted output of A 5 are "0". The inverted

outputs of OR 7 and O2 8 are not both "|"

and_ therefore_ A 9 is "0". A "]" is placed

into SR 3. A/D converter is reset and started

with the most significant bit first.

2

3

Output 0 of SR 4 goes to "I", setting FF 4

which in turn resets both SR 4 and SR 5 im-

mediately. Output of A ]I goes to 0.

FF 4 is reset.

]...10 10 "O's" are shifted into SR 4 and 5R 5.

Current value is compared to previous value

plus _ . Current value from A/D converter

is inverted by OE I (second input is "]") and



11

11,..20

fed to the comparator gates M, A 2 and OR 3.

Previous value from SR 2 and Z_ + from the in-

verted output of A 15 are also fed to theme

gates. Previous value is Inverted by A l

(second input is "I" from OR I) and reclrcu-

fated. The complement of _÷ is shifted out

of $R I D inverted by A 15 and recIEcuXated

after a second inversion by A 4.

Outputs of SR 3 and OR 9 are "1" resetting

FF I, RG 2, and RG 5. Inverted output of A 5

is "I". A/D converter is reset and started

with the most significant bit first.

Alarm address is shifted into SR 4 and SR 5.

Current value is compared to upper limit.

Current value from A{D converter Ls inverted

by OK 1 (second inpu_ is "I") and fed to the

co_parator gates H) A 2 and OR 3. Upper limit

from the inverted output of A 15 is also fed to

these ga_el. Th_ output of SR 2 is "0" durin 8

this period. Because _he inverted output of

A 5 is "I" OR 2 is also "1)' causlng the in-)

reread output of A ] to stay at "0" thereby

placin_ I0 uO)s" into SR 2. Upper limit is

recirculated the same way as &+ .
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BZ_ T

21

22

23

21 ... 30

Alarm address received (module not addressed).

Outpu_ | of SR 4 and outputs of A ]0 and OK 9

are "1". FF ]_ FF 5, and RG 5 are reset. RG 2

is set. Inverted output of A 5 is "0". The

inverted outputs of OR 7 and OR 8 are not both

"|" andm therefore, A 9 is "0". A "I" is

placed into $R 3. The A/D converter is reset

and started with the most significant bit

first.

Output 0 of SR 4 goes to "]", settln& FF 4

which in turn resets both _R 4 and SR 5 immed-

iately. Output of A 10 _oes to "0".

FF 4 is reset.

10 "O's" are shifted into SR A and SR 5.

Current value is compared to previous value

minus _- . Current value from A/D converter

passes OE I unchansed (second input of OE 1

from FF 5 is "0") and is fed to comparator

sates M, A 2 and OR 3. The complement of the

previous value from SR 2 and _- from the in-

verted output of A ]5 are also fed to these

sates. Complement of previous value is in-

verted by A ] (second input is ,,]i,from OR 1)
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31

31 .... 40

4O

and reclrculated. The complement of /A-

is shlfC_ out of SR ], Inverted by A 15 and

reclrculated after a second inversion by A 4.

Outputs of SR 3 and OR 9 are "I" resetting

FF I_ RG 2, and RG 5. Inverted output of A 5

is "I". A/D converter is reset and started

with =he most significant bit first.

Signal address is shifted into SR 4 and SR 5.

Current value is compared to lower limit.

Current value from A/D converter passes OE 1

unchanged (second input of OE I from FF 5 is

"0") and is fed to comparator gates M, A 2,

and OR 3. The complement of the lower limit

from the inverted output of A ]5 is also fed

to =hese s_tes. The output of SR 2 is "0"

durin_ this period. Because the inverted

output of A 5 is "I t' OR 2 i$ also "]" causing

the inverted output of A I to stay at "0"

thereby placing 10 "0is" into SR 2. The

compiement of the lower limit is recirculated

the same way as L-.

One comparison cycle is completed.
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After every lO0,000th clock pulse (or once a second) the

contents of the previous value register SR 2 are replaced by the

current value put out by the A/D converter upon receiving a

command signal.

BIT

100,00]}200,001:... Time base synchronization signal received

I00,000 J + I (module addressed or not addressed). Outputs

_ 9, and 10 of SR 4 are "]". Output of A ]3

is "]". RG 4 is set. Inverted output of

A 5 is "l".

100,001...!00,0]0

200,001...100,010

100,000 J + ]...

100,000 j + 10

Current value from A/D converter is inverted

and shifted into SR 2. The inverted output of

A 5 stays "|" during this period_ blocking re-

circulation of previous value stored im SR 2

through OR 2 (inverted output of A 5 is "I")

OR ] allows current value to pass (its second

input is "0"). A 1 inverts the current value

before it is shifted into SR 2. All other

events are the same as during =he silent - or

if the module has beem addressed - active mode.

100,011;200,01] ;... Output of Sr 3 is "I" resetting RG 4. Output

100,000 j + ]] :... of OR I is "]" preventing the output of the

A/D converter from entering SR 2. All other

events are the same as during silent or

active mode.
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TI_._ TABLE 2 ACTIVE MODE

During the preceding ]0 bits the modulels own signal address

was shifted into SR 4 and SR 5. During the followin 5 ]0 bits RG 1

RG 4, and FF 3 remain reset_ RG 2 and FF 5 remain set. The out-

puts of A 7, A ]0, A ]2j A ]3, and A 14, and the inverted outputs

of A 5 and OR 4 remain at "0". The outputs of OR i, OR 5. and

OR I0 remain at "I ".

40k + 1 Signal address received (module addressed)

outputs I and 9 of SR 4 and outputs of A 11

and OR 9 are "1". FF 5 and RG 2_are set, FF 1

and RG 5 are reset. Output of A 10 and the

inverted output of A 5 are "0". A "I" is

placed into SR 3. The inverted outputs of

both, OR 7 and OR 8, the outputs of A9, A ]6

and A ]7 are "I". RG I is reset (if it was

set before), RG 3 is set. A 6 is enabled.

A/D converter is reset and started with the

.most significant bit first.

40k + 2 Output 0 of SR 4 goes to "I", setting FF A

xchich in turn resets both SR 4 and SR 5 imme-

diately. Outputs of A II, A 16 and A 17 go

to "0".

40k + 3 FF 4 is reset.
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40k + I...40k + 10

4Ok+ II

Current value is shifted out on the signal

llne throush A 6 and OR ]2. All other events

are the same as during silent mode,

Output of SR 3 is "]" RG 3 is reset, A 6 is

disabled. Active mode is completed. All

other events are the same as during silent

mode.
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Page B. 8

One of uhe limits was exceeded (an alarm had occured) and

a "]" was placed into RG I. This event may occur at any time

dur£r_ a comparison cycle except during biCs l, II, 21, and 31

when FF I and RG 5 are being reset. If the number of channels of

the system is m, it might take up to 40 m bits before the module

receives its own alarm address. _t is assumed that the module

does not receive its own signal address until after having re-

ceived its own alarm address. Consequently, RG 3 and FF 3 stay

reset, A 16 and A 17 remain at "0" and A 6 is disabled.

40(n-I) + 21...

40(n+m) + 20

40(n+m) + 21

A limit was exceeded and RG I is set to "I".

Alarm address received (module addressed).

Output I of SR 4 is "I" outputs 9 and 10

are "0". Outputs of A I0 and OR 9 are "|".

FF It FF 5, and RG 5 are reset. RG 2 is set.

The inverted output of A 5 is "0". The in-

verted outputs of OR 7 and OR 8 and the out-

put of A 9 are "I". The outputs of A 7 and

OR 12 are "I", an alarm signal appears on the

signal line. A "I" is placed into SR 3. The

A/D converter is reset a_d started with the

most significant bit first.
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BIT

40(n+m) ÷ 22 Output 0 of SR 4 goes to "I" setting FF 4

which in turn resets both SR 4 and SR 5 imme-

diately. Outputs of A 7, A ]0 and OR 12 go

to "0".

40(n+m) + 23 FF 4 is reset.

An alarm signal will be produced after every

40mth bit until the module has received its

own signal address which then resets RG ].
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TIME TABLE 4 LIMIT LOADING

Limit loading takes place during the 40 bits following the

modulels own alarm address (bit ]0 must be a "I"), While the

limits are replaced step by st®p, the module continues to function

undisturbed. It Can be in any of the three other modes.

40p + 21

40p + 22

Alarm address received (module addressed}.

Outputs I end I0 of SR 4 and outputs of A I0,

A 12, and OR 9 ere "|". The inverted out-

puts of OR 7 and OR 8 and the output of A 9

are "I". The output Of A 14 is "l" setting

FF 3. OR 6 is "]".

Output 0 of SR 4 goes to "]", setting FF 4

which in turn resets both SR 4 and SR 5 lam_e-

dlately. Outputs of A I0, A 12 and A 14

go to "0".

40p + 23 FF 4 is reset.

40p + 2|... Reclrculatlon of the contents of SR ] is

interrupted and the new limits are shifted

through OR 5 (second input from FF 3 is "0"),

inverted by A 4 and entered into SR ]. The

sequence of the limits being entered is _-

complement of lower limit _ +_&Supper limit UL,



40 (p+l)+ 21 Alarm address received (module addressed or

not addressed). Output 1 of SR 4 and out-

puts of A I0 and OR 9 are "I". FF 5 is reset

therby resettin 8 FF 3. Output of OR 5 is "I"

blockin 8 further sIBnals from the limit line.

Contents of SR I are reclrculated through

OR 6. Limit loading is completed. All other

events are the same as during silent - or if

the module has been addressed - active mode.
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Module

_u_ber

I

2

3

4

5

6

7

8

9

I0

]1

12

13

14

15

16

!7

18

19

2O

21

22

DIGITAL ADAPTER

PARTS

Accor_in_ to Location

F_ngtion on Logic Dia_ra m

A1, AS,0R],OR2

OE] ,N

A4,AI 5,OK5,O_6,O" _0,OR]]

FF3

SR2

A2

sRl/I

FF5

OR3, OK4

12,13

SR] 12

A]4

AI 6, RG]

FF]

RG2

AI O,A] ] ,At 2,AI 3

A7

A3 ,AS ,RG5

RG4

OR7

OR8

A6

FOR TRANSDUCERS

LIST

on Scher_acic Diagram

Part

Number Manuf actu_er

pL Lkq01, Phi ico

_IEM] 000 General Instr.

pL&G0] Philco !

HEM]005 General Instr.

M_M302] General Instr.

pL&G02 Philco

MEM302 ] General Instr.

M_d O05 General Instr.

HEM] O02 General Instr.

pL4GOI Phil co

HEM3021 General Instr.

pL4GO] Philco

pL4dO] _hilco

MEN] 005 Gener_ I Instr.

pL4GO] _hl Ico

pL4GO2 Philco

pL4GO] Phl ico

pL4GO] Philco

pL4GO] Ph iIco

pL4G01 Philco

pL4GO] Philco

pL4GOI Philco t



Module
Number'

23

24

25

9_6

27

28

29

32

Functtom on Logic
j i J

A] 7, _3

SR4

SR5

ARt 9ART ,AN3

SR3

FF4

II

OR12

A/D Converter

Dia_ra[?

MrT, PuYs  s,u .
Page

._ppend L× E

E.2

Part

Number _anuf_ ctu=er

pL4G0_ Fhilco

pL4G01 _'hilco

5L_30] 2SF General Instr.

M_.I3012S_ Generdl Instr.

KD_4000 General InsCr.

M_2.13012$Y Genera i Ins tr.

ME_.[]005 General Instr.

pL4G01 Phileo

2xINgl6 Te×_s Instr.

ADC-I 0_C Pastoriza, Inc.



DIGITAL ADAFTOR FOR TRANSDUCERS

PARTS LIST

A ccordlns to Funqt$o n

Page

Appendix E

E.3

.Deai_nation

A/D converter

A1

^2

A3

A4

A5

A6

A7

A8

A9

A10

A1 1

A] 2

A13

A14

A]5

A] 5

A] 7

_.'_

OE1

fuR1

Location On Part

S¢hema tiC Diagram Numb er _mnu fa cttt_e_

31 ADC- ]01c Pastorlza, Inc.

l pL4G0 ] Phi Ico

6 pL4G02 Phi Ico

18 pL4G01 Philco

3 pL4G01 Philco

] pL4G0] . Phi Ico

22 pLAG0] Ph il co

17 pL4G0] Philco

18 pL4G01 Philco

connection

1 6 pL4G02 Philco

]6 pL4G02 _hilco

16 pL4G02 Phi Ico

]6 pL4G02 Fh ilco

] 2 " _"Z_'_0'p_. _,. ,. Philco

3 pL4GOI Philco

]3 pL4G0] Philco

2.3 pI4G0] Philco

2 5_E_I000 Gemeral Instr.

2 _IEH]O00 General Instr.

] pL4G0] Philco



D._eslgnat ion

OR3

OR4

OR5

OR6

oa7

OR8

OR9

OR1 0

ORI. I

OR1 2

SR! (SRIAI&SRI-2)

SR2

SR3

SR4

SR5

FF]

FF3

FF4

FF5

RG]

RG2

RG3

RG4

RG5

Location On

Schematlq Ola_ram

I

9

9

3

3

2o

21

24

3

3

31

7&11

5

28

25

26

]4

4

29

3

;3

15

23

]9

]8

_age E.4

Appendix E

Part

Numbe_

pL4G01

MD41 002

MEM1002

pL4G01

pL4G01

pL4G01

pl.4G01

pL4G01

pL4G0]

pL4G0] ,

2xlNg]6

2xM_.m_302 l

M_M3021

Mhq_t30]25P

MD43012SP

ME_30| 2SP

MD[1005

Ml_.f1005

MD"I 005

M__kl1005

pL4G0]

pLAG0]

pL4G0]

pL4G0]

pL4G0]

_anu_acCuve _

Philco

General Instr.

General Instr.

Yhilco

Phil¢o

Philco

Philco

Philco

Philco

Philco

Texas Instr.

Generel Instr.

General Instr.

General Instr.

General lnstr.

General Instr.

General Instr.

General Instr.

General Instr.

General Instr.

Yhilco

Fhilco

Philco

Yhilco

Yhilco



Desi_n@tlon

11

12

13

ARI

AR2

AR3

QI

Q2

Q3

q4

q5

CR]

CR2

CR3

CR4

RI

R2

R3

R4

R5

R6

R7

R_

Location On

Sd_emati¢ Diagram

30

I0

I0

27

27

27

 [IHO HYIIISINc.
Page E. 5

Appendix E

Part

Number _nufacturer

pL4G0] Philco

pL4G01 Ph iIco

pL4G0I Phl Ico

HE_I4000 Genera I Instr.

MEM4000 General Instr.

_[EM4000 General _nstr.

2N2222 Texas Instr.

2N2222 Texas Instr.

2N2907 Texa_ Instr.

2N2222 Texas Instr.

2N2907 Texas Instr.

IN916 Texa_ Ins[r.

IN916 Texas Instr.

IN916 Texas Instr.

IN916 Texas Instr.

]K +57$ ]/SW Allen Bradley

5.1 K " "

]K " "

5. I k " "

_. 3_ " "

2_K " "

6. _K " "

5.1 F " "

1K " "



Desi_natlon

RI0

R]I

R]2

RI3

Location On

Schematic Dia6ram

I'age E. 6

Appendix E

Part

Number

!OK +

36K

20K

20K

I-.;_n!,f,acturer

5_ I/8_" Allen _radley

I! IT

II II

I! I!
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DIGITAL ADAPTOR FOR TRANSDUCERS

PARTS LIST

TO _NUAL LIMIT ADJUSTMENT BOX

Aqcordin_,To Function

De._i_nation

FF] through, ]0

(SR1 n)

FFll

A_

OR1

OR2

I

SR40

Location on

Schema_ i_ Diagram

l through I0

]]

]2

12

12

!2

13, 14

_2

R3

ci

s]

s2

s3

S5

S6 through S] 3

Lever action switch

ToF,gle switch

Push-button "tiny"s%:itch

It l!

Part

Nu_nbe r

MEM] 005

M ,k_,i1005

pL4GOI

pL4GOI

pL4G0]

pL4G01

2x/._l 3021

2N2222

47_'._5z. ]/S
W carb.comp.

] ')K+. 5 ?_ 1/:_
4 carb. cou_p.

]_,_-5)'o ] /8
W c_rb.comp.

• 1:_Z20_35V

ON24] 2

20994LH

953

Manuf ac turer

General Instr.

Gene_a I Instr.

Fhilco

Philco

}'hi Ico

Philco

General Instr.

Texas lm_tr.

Allen ,_,r_ d Ie.v

Allen B_adley

Allen Bradley

Ma I]ory

t_,,aI Iory

Arrou_-Hart

Switchcraf t

It

I!



Module

N_be=

l

2

3

4

5

6

7

8

9

1.0

II

12

13

]4
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Appendix F

DIGITAL ADAPTER FOR TRANSDUCERS

PARTS LIST TO MANUAL LIMIT ADJUSTNENT BOX

Accordin_ ,to LOClatiom on Schematic,, DiaKram

Function in Part

LoMic Diagram N_ber

SR] 0 (FFI) MEM] 005

" (FF2) "

" (FF 3 ) "

,i (FF4) "

" (FF 5 )

" (FF 6 ) "

" (FF 7 ) "

" (FF8) "

" (FF9)

" (FF] 0 ) "

FF ]1 "

A] ,OR] ,OR2, I pLAG01

SR40 HEM3021

SR40 MF_!302 ]

Hanuf acturer

General Instr.

11

f!

t!

fD

t¢

D!

It

t_

t!

tl

Philco

General Instr.

General Instr.



De._i_na tion

_CI

5C2

SC3

A2

A3

A4

A5

A6

A7

A?

A9

'10
,.%, .

A!I

A]3

A14

A_5

A]6

ORI

DIGITAL ADAPTOR

PARTS LIST TO

Part Nu/nb er

pL4C01

pL4G02

pLACO].

pL4G02

pL4COI
pL4C0]

pL4C01

pL4G0_

t!

It

It

f)

t!

le

I!

I)

I)

I!

I!

connect ion

pL 4G 0]

pLAGO]

pL4G0]

Page (.;, }

Appendix G

FOR TfO_t]SDUCERS

CO};TROL U_IT

Manufac_u_-er

Fhilco
f!

If

II

;!

I!

II

I!

la

II

I!

It

II

!!

fl

II

tl

!!

I!

II



Des i;] n:' t ion

O7.2

CR 1 throu>-b CR 9

?,l6

i_] 7

Ox3

FI

F2

F3

SR]

AR

I

P,?

q_

q4

o5

'.26 rt-rou_h _1 3

?,2

Xa

_5

R6 t-h,-,_,,-,h kt :5

F,H?e 6.2

A.Pl_endix G

_,._¢t 1 ,±t.., ¢t LII" OF

IN9] 6 Texas

21:2907 Te'<;_ s

E" .,/ , • •I 5:C oh._,+., _ 1/.g-, ,',lLen
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Appendix G

Desilnetion

Cl

P

B] through B]. 0

Part Number

r)/_.7/

I0 + 5% ]/A w carbon potentior_.
m

10V35-45 r,'_%inc. lamp 60D74]I"

(]OZS )

Manufacture;

_allory

Mallory

Sylvania

Sl.

._2through S7

S8

push-button"tiny switch" 953

toggle switch 20994-Cs

rotary switch 1211L

Switcbcraft

Arrow ilart

Ya I iory



Appendix-_J.-

1.0 SPECIFICATIONS

!

Input Impedance

Input Voltage

Conversion Command Input

|

f

Conversion Gain
Total Conversion Time
Resolution

Output Format

Output Logic Levels

Output Impedance

Output Current

Status Output (EOC)

Power Supply Requirements

Linearity

Warm up,Drift

Variation with ....

Supply Voltage i_ .....

Output Code

Unipolar

Bipolar

o

2.4K

0 to -i0 volts

+2 volts 0.2 uSec Rise Time

1-bit - i0 mv.

i0 uSec.
10-bits

i0 Parallel Voltage Levels
lSerial Output • 1 mHz Rate.

,False or "0" - 0 to +.2 volts
True or "i" - 2 volts.

470 ohms .
+ 2 mas.

"i" or True Level when

conversion is complete.

+ 15 volts at 20 mas.

+4.5 volts at 300 mas.

.05% or 1/2 bit
i0 mv.

¼ volt in +15 causes i0 my.error
1 volt in -15 causes i0 mv.error

1 volt in +4.5 causes 2 my.error

0,000

-9,990

MR LSB
=0 0 0 0 O0 0 O0 0

=iiiiiiiiii

+5,000 =0 0 0 0 0 0 0 0 0 0

0,000 =i 0 0 0 0 0 0 0 0 0

-4.990 =i 1 1 1 1 1 1 1 I•i

-I -
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